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Abstract 

It is shown that interference of the amplitudes for the decays AD 

OO . 

0^ ' and Afe — > AD^ gives rise to CP-violation. 

Os ■ 

i The decays A;, AD° and A;, AD° are interesting for the following reasons, (i) 

The Hamiltonian for the decay Af, — > AD° involves the weak phase 7. This has 
direct implication for CP- Violation, (ii) The factorization contribution for these 
decays is suppressed due to the colour factor C2 + ^Ci and the form factors gvimo^) 
and gA{Tn£,2). In reference [1], we have recently shown that gv{m£,2) = gA{m£,2) = 



> 

cn 

^ ■ fi(m£,2) = —0.120 and that the contribution of second form factor is negligible to the 

^ ! decay widths and asymmetry parameter a (In fact /2//1 = 0.129). (iii) The baryon 
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fE°c and H° poles contribute only to the decay A^ — AD°. The pole contribution 

can be evaluated in the VT-exchange model [2]. 
Oh! 

D . The pole contributes to the p-wave amplitude and numerically its contri- 

^ ■ 

bution is compareable to that of factorization. This has dramatic affect on the 
^ ' asymmetry parameter a. The asymmetry parameter = — 1, since only factoriza- 

H : 

tion contributes to this decay where as a^i can be as low as zero depending on the 
relative strength of the pole and factorization contributions. 

In the Wolfenstein parameterization [3] of CKM matrix [4] , the weak phases 
a, P and 7 are given by tand = ^^iz^^jz^; tan/3 = and tan7 = 2. The weak 
phases have been denoted with ' to distinguish them from asymmetry parameters 
a, (3 and 7. In the two body non-leptonic decays of baryons, the angles (f) and A 
defined as tan0 = /5/7 and tan A = —(3 /a [5] give direct information about the CP 
violation. Due to interference of amplitudes for the decays AD° and AZ)°, the decay 
amplitudes for A;, — ^ ^D±, where D'^ = -^{D" ± D°) would make angles 0± and 
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A-t non zero in the absence of final state interactions, if the pole contribution is not 
negligible. These decays have also been discussed in reference [6], but the overlap is 
minimal. 

The decays A;, — > AD° and A;, — ^ D° are described by the effective Hamil- 
tonian [7] 

+ k^k: (Cior + w")] , (1) 

where Cj are Wilson coefficients evaluated at the normalization scale /i; the current- 
current operators Oi 2 are 



'V-A 



01 = {(^b^)y^^{s%)^ 

01 = r&/3)v_^(^-V)^_^ (2) 

and O" are obtained through replacing c by u. Here a and (3 are SU (3) color indices 
while (c"6„)^_^ = c"7^ (1 + 75) hp etc. We take § 

Ci = 1.117 

C2 = -0.257. (3) 

The factorization contributions to the s-wave and p-wave amplitudes A and 
B are given by 

Ad = -^V,tV:AC2 + ^C^)FnimA,-m^)gv{ml) 

Bd = ^iAX')[bf + K] 
G 

Ad = ^iAX^)ip-tv)af 

Bd = ^{A\^){p-tri)hf (4) 
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where 



af = -iC2 + ^Ci)FD{mA^-mA)gv 
bf = (C2 + ^Ci)Fd {nix, + "^a) qa 

In Eq. (3), we have also included the pole contribution hp which is given by 



(5) 



Br, 



(6) 



where g = S's'oyvD ^'^d g = g-sOAD are strong coupling constants. In the H^-exchange 
model 0, 6p is given by 

-VSg' 



+ 



g 



d' 



rriA, — m^'o ttia, — m^o 
5 X lO^^GeV^ 



d 



(7) 



Note the important fact that and poles contribute to the decay A;, AD^ 
only. This is crucial in discussing the CP violation. 

Let us symboUically write for the two channels of the decay: 



\Ab) = i?D|AD°) + Ro\AD 



(8) 

where, Rd = Ad or and = A^, or B^, for s or p-wave respectively. From Eq. 
(8), it is clear that the decay amplitudes for the states 
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V2 
1 

V2 



(9) 



which are eigenstates of CP are given by 



A, 



1 



^AX' 
^A\' 



[{l±p)Tiv] «/ 



(10) 



It is the presence of the pole contrbution in the interference of the amphtudes that 
make ImA'^B± non zero, giving rise to CP violation. Now ImA*_^B± is proportional 
to ±r]{bp/bf). If bp/bf is not small i.e., if bp is comparable with bf, then f3± may be 
experimentally measurbale. 

To fit the experimental branching ratio for the decay A;, — > AJ/ip, it was 
shown in reference [|I|, that with Ci and C2 as given in Eq. (3), the parameter 
^ = in Ci + ^6*2 must lie within the following limits: 

< ^ < 0.125 or 0.35 < ^ < 0.45 (11) 

These limits are consistent with the limit < < 0.5 suggested by the combined 
anaylsis of the present CLEO data on i? ^ hih2 decay p|. To give a crude estimate 
for the strong coupling constants g and g' , 81/(4:) is used as a guide. In 5*^7(4) 



g' = ^2{gf-gd) = ^2{l-2f)g^MN 
g = -/l72((7/ + W3) = -^(l + 2/K;v^ 

g'lg = V3 =V3^-^ (12) 

gf + g,/3 F + D/3 ^ ' 

Using F = 0.446, D = 0.815, we obtain 

g'/g = -0.890, g = -0.493W (13) 

Now bp/bf can be easily obtained from Eqs. (5) and (7). For ^ = 0,6*2 = 
-0.257, Fd = 0.200 GeV, ^^(m^) = -0.120, mA, = 5.641GeV, tua = 1.116 GeV, 
m=.o = 2.580 GeV, mso = 2.468 GeV, d' = 5 x IQ-^ GeV^, ^^^^v = 13.26 and Eq. 
(13), we get 

X = bp/bf = -0.64 (14) 

For ^ = 0.125, one gets x = —1.41. Due to uncertainty in the parameter ^ and in 
the values of g and g, we treat free parameter in the range — 1 < x < 1. 

Using Eqns (4), (5), (7) and (10) and the experimental values of the masses 
given above, we obtain 

r(A, ^ AD°) D 
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where 



-(l+x) 

an = 

an = -1 (16) 
D = 1 + 0.946x^ + 0.473x2 (17) 

tanA± = ^^^(^p -Ss)+x sm{Sp - ± 0, (3)] ^^^^ 
[r± cos{6p - 6s) + X cos(5p -5^ + 0, /3)] 

^ - [r± sm{5p -5s)+x sm{Sp -5s±4>,P)] /^g^ 
^~ [0.053r± -O.94Oxcos(0,/3) + 0.470^] 



'^i = \/(l±p)2 + ^2 



tan0 

1 + p 

tan/3 = (20) 
1 -p 



Eqs. (15-20) are main results. Using 

r(Ab ^ AD°) 
r(A, ^ Aj/^) 

We can express Eq. (15) as 



(2.8 X lO"'^) (p2 + r/2) (21) 



A = (2.8 X 10-')D (22) 
r(Afe^AJ/^) ^ ^ ^ ^ 

The above branching ratio and the asymmetry parameter an for various values of 
X are given in Table 1. 

From Table 1 one can see that an can be as low as zero where as = — 1 
independent of x. 

In the absence of final state interaction i.e. Sp — 6s = 0, the angles A± 
and (j)± as function of the parameter x given in Eqs. (18) and (19) are plotted in 
Figs. (1) and (2) respectively for the preffered values of (p, rj) of reference viz 
(p, r]) = (0.05,0.36). Of course similar curves ca be obtained for different values of 
(p, 1]) allowed by existing data. 

Figs. (1) and (2) for the angles A± and 0± are a unique features of inter- 
ference of the amplitudees for Af, — ^ AD° and AD°. The experimental values of a^i 



would fix the value of the parameter x. Once x is known then Eqs. (18) and (19) 
[if 5p — 5s) ~ 0] can be plotted as function of (p, rf). This may give some intersting 
information about CP violation. 

However we have estimated x — —0.64 or —1.41 for ^ = or ^ = 0.125. For 
these values of x and (p, 77) = (0.05, 0.36), we get 

X = -0.64, an = -0.61, A+ = 24", A_ = -33°, 0+ = 26°, = -28° 

X = -1.41, ao = 0.68, A+ = -64°, A_ = 59°, 0+ = 48°, = -53° 

It is clear that determination of ao in future experiment will be by itself 
interesting even though the experimental observation of CP violation in these decays 
may be difficult in near future. 

I am grateful to Riazuddin for discussions. 
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r r(Ai,^A5°) 1 

.r(A6^AJ/*). 


X 10^ 


-1 





1.5 


-0.5 


- 0.77 


1.8 





-1.0 


2.8 


0.5 


- 0.94 


4.4 


1 


- 0.83 


6.8 



Table - I The decay parameter an and the braching ratio ' 
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Figure 1: The angle A± — aictaxi^— P± / a±) as a function of x [Sec Eq. (18), 
{6p — 6s) = 0] for (p, rj) = (0.05, 0.36). Solid line gives A+ and dotted line gives A_. 
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Figure 2: The angle 0± = arctan(/3±/7±) as a function of x [See Eq. (19), {Sp — Sg) — 
0] (p, 77) = (0.05,0.36). Solid hne gives 0+ and dotted line gives 0_. 
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